Introduction {#sec1-1}
============

Neck circumference (NC) is an index of subcutaneous adipose tissue distribution in an area of the upper part of the body.\[[@ref1]\] Results of current, yet still limited, investigations have shown that NC represents simple, fast, and easily accessible method in identification of individuals with obesity. NC plays an independent contribution to predicting the cardio-metabolic abnormalities beyond the classical anthropometric indices of body mass index (BMI), waist circumference (WC), and waist-hip-ratio (WHR) and may be used as an optimal screening method in other obesity-related chronic diseases.\[[@ref2]\]

In an assessment of central obesity most frequently used anthropometric methods are WC and WHR. Studies have shown they have not only numerous advantages but also important disadvantages.\[[@ref3]\] Novel studies suggest that NC can also be used as an index of central obesity.\[[@ref4]\] Framingham heart study that included middle-aged population demonstrated that NC was independently associated with visceral adiposity and BMI.\[[@ref5]\] Studies that evaluated the possible use of NC as an indicator of central obesity in healthy young adults are scarce.

Majority of studies conducted to date have evaluated the prevalence of overweight and obesity in middle-aged and elderly population or in children and adolescents.\[[@ref6][@ref7][@ref8]\] According to WHO data, the prevalence of obesity in adults of Bosnia and Herzegovina in 2008 was 26.5% (23.8% in men and 28.9% in women).\[[@ref9]\] Obesity in childhood and young adulthood is not a benign problem. It is often associated with the presence of the metabolic syndrome and asymptomatic cardiovascular disease. Young adults with obesity who had elevated glycosylated hemoglobin of \>8% have an increased likelihood of having atheromata in the aorta and coronary arteries. Childhood obesity strongly predicts the risk for obesity and metabolic syndrome in later adulthood.\[[@ref10]\]

Therefore, the aim of the present study was to assess whether NC can be used as an indicator of central obesity and to determine the prevalence of central obesity in apparently healthy Bosnian young adults.

Methods {#sec1-2}
=======

This cross-sectional study included the second year University of Sarajevo Dentistry students. The study participants were recruited using the snowball method.\[[@ref11]\] The research was undertaken during human physiology course practical exercises between April and June 2016. Inclusion criteria were that the study participants should be apparently healthy persons between 19 and 24 years of age of both genders. We excluded the individuals with goiter and other neck masses and deformity. Furthermore, subjects with a history of thyroid disease, diabetes, dyslipidemia, hypertension, or any other disease were excluded from the study. All patients included in the study signed informed consent and the study protocol was approved by the Local Ethics Committee. Individual questionnaires were especially designed for the study and data such as general characteristics, lifestyle characteristics (smoking, alcohol consumption, and physical activity), anthropometric characteristics, values of blood pressure (BP), data on family history of cardiovascular diseases, and diabetes mellitus were recorded.

Measurements were obtained in light clothes, fasting, and standing, without shoes and at the end of expiration. NC was measured with regular plastic tape to the nearest 0.5 mm. The participants were standing erect with the arms hanging loosely at sides and head positioned in a horizontal straight position. The top edge of a plastic tape was placed only below the laryngeal prominence and perpendicular to the longitudinal axis of the neck, with the head positioned in the Frankfort horizontal plane.\[[@ref12]\] Weight was measured using a digital scale to the nearest 0.1 kg with only undergarments, and height was determined using a portable stadiometer to the nearest 1 mm barefoot. WC was taken horizontally to the nearest 1 mm, using a plastic tape measure at the midpoint between the costal margin and iliac crest in the midaxillary line. According to the International Diabetes Federation guidelines values of WC \>94 cm for men and \>80 cm for women of European descent define central obesity.\[[@ref13]\] BMI was calculated as weight (kilogram) divided by the square of height (meter). WHR ratio was calculated by dividing the WC (cm) by the hip circumference (cm). Optimal values of WHR according to the current WHO guidelines are up to 0.90 for men and up to 0.85 for women.\[[@ref13]\]

Blood pressure (BP) was measured using trained personnel in the morning hours (8:30--11:30 am). The patients were advised to avoid tea, coffee, energy drinks, and physical exercises in the morning of the examination day until the measurements were taken. Before the BP measurement, the participants were asked to sit still for 10 min. BP was measured 3-times with a 5-min rest interval between the measurements, with the participant being in a sitting position. BP was measured using a standard mercury-column sphygmomanometer. The average of three BP measurements was calculated. Essential hypertension was defined as average systolic blood pressure (SBP) ≥140 mmHg and/or average diastolic blood pressure (DBP) ≥90 mmHg, and/or currently receiving treatment for hypertension with antihypertensive medicine. We defined prehypertension as SBP between 120 and 139 mmHg or DBP between 80 and 89 mmHg according to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP (JNC-7).\[[@ref14]\]

Statistical analysis {#sec2-1}
--------------------

The Statistical Package for the Social Sciences (SPSS) software version 20.0 (IBM, Chicago, Illinois, USA) was used for the statistical analysis of data. The Kolmogorov--Smirnov test was used to test the normality of distribution of variables. For the parametric comparisons between two independent groups, a student *t*-test was used. Receiver operating characteristic (ROC) curves were constructed by calculating the sensitivities and specificities of NC at several cutoff points. Chi-square test was used to assess the difference between categorical variables. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

The total sample comprised 111 participants (49 students of male gender and 62 students of female gender). In the total sample of participants, mean age was 21.83 ± 1.43 years.

[Table 1](#T1){ref-type="table"} shows that there was no significant difference in age between male and female participants included in the study. Significant difference was observed in values of BMI, WC, and WHR between the genders. Significant difference between the genders was not determined in values of SBP. However, significant difference in values of DBP based on gender was established.

###### 

Baseline characteristics of study participants
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As shown in [Figure 1](#F1){ref-type="fig"}, optimal cutoff value of NC as an indicator of central obesity determined by ROC curve in healthy young participants of male gender was ≥37.45 cm. Area under the curve (AUC) for determined cutoff value was 0.862 with 95% confidence interval (95% CI) of 0.763--0.961 (*P* \< 0.001). For calculated optimal NC cutoff value of ≥37.45 cm, maximal specificity was 83.33%, and maximal sensitivity was 68.00%.

![Optimal cutoff value of neck circumference determined by receiver operating characteristic curve for the detection of central obesity defined by waist circumference values in healthy young participants of male gender](IJPVM-9-42-g002){#F1}

[Figure 2](#F2){ref-type="fig"} shows that optimal cutoff value of NC as an indicator of central obesity determined by ROC curve in healthy young participants of female gender was ≥32.75 cm. AUC for determined cutoff value was 0.811 with 95% CI of 0.695--0.962 (*P* \< 0.001). For calculated optimal NC cutoff value of ≥32.75 cm, maximal specificity was 85.00%, and maximal sensitivity was 63.63%.

![Optimal cutoff value of neck circumference determined by receiver operating characteristic curve for the detection of central obesity defined by waist circumference values in healthy young participants of female gender](IJPVM-9-42-g003){#F2}

Based on the WHO guidelines for WC, central obesity was determined in 24.49% (*n* = 12) of male participants, and in 29.03% (*n* = 18) of female participants included in our investigation. Observed difference in the prevalence of central obesity between genders was statistically significant (*P* \< 0.05).

Discussion {#sec1-4}
==========

To the best of our knowledge, we are the first to report possible use of NC as an indicator of central obesity defined by WC values in apparently healthy Bosnian young adults. In a recent study, Hingorjo *et al*.\[[@ref15]\] reported that NC is a potentially useful initial screening tool for overweight and general type of obesity based on BMI values in Pakistani student population.

It is important to emphasize that use of NC as a parameter of adiposity has just recently been introduced. Its usage is not widely accepted and only of late, the importance of its possible measurement is explored. The study represents a contribution in encouragement of NC measurement in everyday clinical practice. However, confounding factors such as cigarette smoking, alcohol intake, and physical activity were collected but not assessed within the present study, and this may represent a potential source of bias for obtained findings. The similar future study should take into consideration these factors.

Obtained results suggest that NC can be used in the detection of central obesity. As an indicator of upper body/visceral obesity, NC has been shown to be associated with diverse metabolic abnormalities. Although the explanation for the strong association between visceral fat and metabolic abnormalities is not known, according to recent hypothesis, visceral fat represent "ectopic fat depot" which is associated with greater infiltration of adipose tissue with inflammatory cells, excess release of potentially harmful cytokines, and reduced release of beneficial adipokines.\[[@ref16]\]

In an assessment of central obesity, WC is most frequently used the method. Based on WHO guidelines for WC, results of the present study have shown that central obesity was more prevalent in female gender and are in accordance with observations made by other authors.\[[@ref17]\] Results of a study conducted among Turkish students of both genders have determined the prevalence of central obesity similar to the one observed in our research.\[[@ref18]\] However, it should be noted that WC measurement in an assessment of central obesity is associated with numerous disadvantages such as dependence of WC from the constitution of individuals, their muscle mass, gut content, respiratory movements, and clothing. Standard protocol for WC measurement still does not exist. In comparison with WC, NC has important advantages. Studies to date have shown good reliability of NC measurement in an assessment of adiposity that does not require multiple measurements for obtaining the precision. Furthermore, NC does not depend on the time of measurement (exp. preprandial and postprandial period), and its assessment is especially practical in winter, as well as in the frequent healthcare institutions.\[[@ref19]\]

The strengths of the present study are that it represents the first study that evaluated the potential use of NC as an indicator of central obesity based on WC values in young participants of Bosnian descent. We have also determined gender-specific cut-off values for NC in the detection of central obesity, which is of importance since studies have shown that ethnic background and gender affect values of anthropometric parameters.\[[@ref2]\] Furthermore, since central obesity is one of the components of the metabolic syndrome, results of the present study have shown that screening and prevention of the metabolic syndrome should start from a young age.

In interpreting the findings of the current study, several limitations should be acknowledged. First, the sample size was small consisting of healthy young adults from a select population, and therefore, the results cannot be generalized over the whole population. Second, the cross-sectional design of the study prevents us from deducing any causal relations between our findings. Third, NC is used to represent upper-body subcutaneous fat. We did not perform radiographic measures to quantify this depot of fat directly. Considering the limitations of our study, further large prospective population-based studies are still needed to validate our findings.

Conclusions {#sec1-5}
===========

The results of the present study indicate that NC may be used as a screening tool for central obesity. If obtained findings are confirmed in large prospective population-based studies then NC measurement should be included in everyday clinical practice as a simple, practical, and reliable method of central obesity assessment in healthy young adults. Prevalence of central obesity observed among student population included in our investigation suggests that there is a justified need for an implementation of healthy lifestyle programs in this population that would have preventive purposes.
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